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3-Life Cycle Cost Analysis (LCC)
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Figure 1- General view of intended irrigation system
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Tablel- Specification of theland, pipelinesand crop pattern

CulS g9 (US2) colume  dgf b yuuo (k) dgd b Job (o sho) (315 yhad  (wio,3) o
Cultivation Type Area (ha) Pipeline Path  Pipeline Length(m) Inner Diameter (mm)  Slope (%)
AE 200 141.8 1
- FG 200 110.8 1
505 . DF 200 159.6 1
¥ g ~ 40 AD 400 150.6 0
- & Apple PA 293 2214 0
|ateral 100 16.8 0
manifold 200 79.8 1
XK 200 110.8 1
~ 1J 200 159.6 1
5 B s HI 200 177.2 1
4 = i 40 BH 200 199.4 1
- Apple PB 330 221.4 0
|ateral 100 16.8 0
manifold 200 79.8 0
o LM 180 97.4 1
5 B o CL 180 141.8 1
4 - 20 PC 852 159.6 1
= 2 Peach lateral 88 13 0
manifold 180 69.4 0
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Figure 2- Schematic view of speed variation of variable
speed pumps accor ding to the system demand
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Table 2- Therequired amount of engine speed in different decades of irrigation

(488> 5> y93) oy y9790 592

Pump engine speed (rpm)
2395 g, 2> 5 » 21350 29780
March/April  April/may May/June June/July July/August August/September

,\ 4.\>L 1272 1475 1651 1905 1965 1733
District 1
sl Y4l 1120 1382 1614 1946 2023 1722
First Decade District 2
Y asb
o 1007 1268 1505 1860 1977 1656
District 3
AIPRNH
T 1298 1523 1719 1965 2010 1651
Disgtrict 1
P92 423 Yot 1152 1446 1703 2022 2081 1614
Second Decade  District 2
.\“ wb 1028 1324 1612 1954 2025 1505
District 3
Y ool
. 4,.>L 1355 1638 1891 2087 1965 1560
Disgtrict 1
ot Y el 1225 1597 1926 2179 2022 1495
Third Decade  District 2
Y asb
T 1198 1484 1860 2145 2002 1382
District 3
Skl glrans ;3 5Li 390 (3 palie Y Joua
Table 3- Required dischargein decades of irrigation
(Col 31 GaSo gio) 5L 390 (23 I
Required Discharge (m*/hr)
135958 Cuudigens ) S 5 » 513 50 292 3R
March/April  April/may May/June June/July July/August August/September
_\ wb 22 95 146 212 226 168
District 1
gl Yl 2 95 146 212 226 168
First Decade District 2
Vel 15 47 69 99 108 82
District 3
Vet 33 110 164 226 337 146
Disgtrict 1
P92 423 Yot 33 110 164 226 237 146
Second Decade  District 2
Vel 18 53 78 106 111 69
District 3
Vet 55 142 208 256 226 120
Disgtrict 1
g R Yol 55 142 208 256 226 120
Third Decade  District 2
L
Ve 40 68 99 120 110 58

District 3




1FAD (50— 43T b oyloud Fe als (S g o ay i VYOV

Table 4- Required pressurein decades of irrigation

(i) 5 3,50 ,Luid lio
Required Pressure(m)

023392 Cudigers 3, 203 5 » 213 50 297
March/April  April/may May/June June/July July/August August/September
Y anl
1 14 16 19 25 27 21
District 1
b
Jo e Yoo 1 14 18 27 29 21
First Decade  District 2
b
i 9 13 18 29 32 22
District 3
Vel 15 17 21 27 28 19
District 1
P92 423 Y el 11 15 20 29 31 18
Second Decade  District 2
Vel 9 14 21 32 34 18
District 3
Vel 15 19 25 30 27 18
District 1
ol Y el 12 18 26 34 29 16
Third Decade District 2
Vel 12 18 29 38 33 16
District 3
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Figure 3- Scheme of variationsin the system curvein
different Scenarios
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Figure 4- Generated pressure under four type of pumping stations operation in studied irrigation system
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Table5- Amount of Energy Consumption in Scenario A

(celo ClgslS) (e 55

Energy Consumption (Kwh)
O i) s> I 3130 292 b
Mar/Apr Apr/May May/Jun Jun/dul  Jul/Aug  Aug/Sep
Y asb
Distictl 108 452 734 1340 1525 900
iyl a2 Yot 75 369 684 1426 1660 882
First Decade District2
Y asl
T 49 172 332 724 901 474
District3
‘el 133 520 870 1525 1678 734
Districtl
P92 402 Yt 97 441 846 1660 1855 684
Second Decade District2
"ot 56 204 429 863 980 332
District3
\asl
e 205 710 1297 1962 1525 577
Districtl
P 403 Yoot 161 655 1372 2220 1660 504
Third Decade District2
"t 120 315 724 1202 940 241
District3
Caslow ol 5 5l
( 95kS) (Byae 5551 US oo 43106

Total Energy Consumption (Kwh)
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Table6- Amount of Energy Consumption in Scenario B

(ol Claghs) 2 a5
Energy Consumption (Kwh)

Ody98  Culgud,l R » Maye e e
Mar/Apr Apr/May May/Jun Jun/Jul  Jul/Aug Aug/Sep

Y asb

140 1460 1808 2229 2318 1952
Districtl
gl ¥anl 140 1460 1808 2229 2318 1952
First Decade District2
¥4t 125 730 880 1069 1126 964
District3
Vel 163 1561 1928 2318 2384 1808
District1
P92 423 ¥l 163 1561 1928 2318 2384 1808
Second Decade District2
¥4l 133 768 940 1114 1148 880
District3
Vel 206 1784 2206 2492 2318 1636
District1
[Eatan ¥ el 206 1784 2206 2492 2318 1636
Third Decade District2
e 178 868 1069 1203 1137 806
District3
(el SlyslsS) (Srae 531 S go 76560

Total Energy Consumption (Kwh)

T S92l 3 (Bran G551 pdlie - oo
Table7- Amount of Energy Consumption in Scenario C

(ol Sy3ks) oo (55,51
Energy Consumption (Kwh)

O0y9y8  Cudgudy)l 2 » Maye g2 e
Mar/Apr Apr/May May/Jun Jun/Jul  Jul/Aug Aug/Sep

Di\stﬁz’(l 206 2492 2492 2492 2492 2492
il w2 Yoot 206 2492 2492 2492 2492 2492
First Decade District2
Y oasl
Disti 206 1203 1203 1203 1203 1203
V asb
Disicty 206 2492 2492 2492 2492 2492
P92 422 Yoot 206 2492 2492 2492 2492 2492
Second Decade District2
Div S;i};B 206 1203 1203 1203 1203 1203
Y asl
Distict 206 2492 2492 2492 2492 2492
P <22 Yt 206 2492 2492 2492 2492 2492
Third Decade District2
D;'T;a 206 1203 1203 1203 1203 1203

(Sl Sgsks) By 53,9 J5 o

. 94648
Total Energy Consumption (Kwh)
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Table8- Amount of Energy Consumption in Scenario D

(Celw ClgghS) (S pas (5551
Energy Consumption (Kwh)

235958 Cadigd)] 33,5 » Mapo 91 pRen

Mar/Apr Apr/May May/Jun Jun/Jul  Jul/Aug Aug/Sep
Vel 206 1784 2206 2492 2384 1952
Districtl
sl e Vel 206 1784 2206 2492 2384 1952
First Decade District2
¥4t 206 868 1069 1203 1148 964
District3
V4ol 206 1784 2206 2492 2384 1952
District1
Py 42 ¥l 206 1784 2206 2492 2384 1952
Second Decade District2
¥4t 206 868 1069 1203 1148 964
District3
V4ol 206 1784 2206 2492 2384 1952
District1
[Eatan Vasb 206 1784 2206 2492 2384 1952
Third Decade District2
e 206 868 1069 1203 1148 964
District3
(‘"‘"ct“’ ‘:’159115) LI dj)s‘ 5 [eancel 82515

Total Energy Consumption (Kwh)
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Introduction: The energy crisis has led the world toward the reduction of energy consumption. More than 70
percent of the energy in agriculture sector is used by pumps. In our country, there is no clear standard and
guideline and also no adequate supervision for the design, selection, installation and operation of pumping
systems appropriate to the circumstances and needs. Consequently, these systems operate with low efficiency
and high losses of energy. While more than 20 percent of the world's electricity is consumed by pumps, average
pumping efficiency is less than 40%. So evaluation of pumping stations and providing some solutions to increase
efficiency and pumping system'’s life time and to reduce energy consumption can be an effective in optimization
of energy consumption in the country. The main reasons for the low efficiency of pumping systems comparing to
potential efficiency are using unsuitable techniques for flow control, hydraulic and physical changes of pumping
system during the time, using pumps or motors with low efficiency and poor maintenance. Normally the amount
of flow is not constant over the time in a pumping system and needed flow rate is changed at different times.
Designing of pumping system should be responsible for peak requirements as well as it must suggest the suitable
flow control method to achieve least energy losses for minimum flow requirements. Also one of the main
capabilities to reduce energy consumption in pumping stations is improving the flow control method. Using the
flow control valves and bypass line with high energy losses is very common. While the use of variable speed
pumps (V SPs) that supply water requirement with sufficient pressure and minimum amount of energy, is limited
due to lack of awareness of designersand (or) high initial costs.

Materials and Methods: In this study, the operation of the pumping stations under four scenarios (for
discharge control) in a drip irrigation system was analyzed and evaluated: A) Pumping station equipped with
VSPs, in this case it is possible to regulate energy consumption due to the required discharge and pressure for
irrigation system , B) Pumping stations equipped with constant speed pumps (CSPs) and flow control valve
maneuver in every decade of irrigation, C) Pumping stations equipped with CSPs without any flow control and
D) Pumping stations equipped with CSPs and flow control valve maneuver per month of irrigation. Pumping
stations equipped with CSPs was designed for a 100 hectares irrigation area for peach and apple trees in the
South West of Isfahan province. The produced pressure under four types of flow control were determined. Then
pump performance and energy consumption were evaluated under three operation scenarios (B, C and D) and
afterward compared with the performance of V SP stations that was designed for thisirrigation system.

Results and discussion: The most important point in the design of pumping stations is energy consumption,
because the cost of energy supply is high and the operation should be able to save more energy. Using the output
values of pressure and flow rate from developed model, the amount of energy consumption for each pump was
calculated. It was observed that the energy consumed in pumping stations equipped with VSPs is significantly
less than other stations. Regarding to the total energy consumption and the amount of energy that each scenario
can save, the percentage of energy savings were calculated. The results show that the highest percentage of
energy savings are belonging to scenario (a) (using V SPs).

Conclusion: The results of this study show that application of VSPs at pumping stations than commonly
pumping stations with CPSs, depending on the type of CSP operation, saves 44 to 54 percent of energy. Using
V' SPs, which save a lot of energy compare to other methods, can be an important phase in optimizing energy
consumption and minimizing the cost operation of the agriculture pumping station. So the type of operation that
discussed in the present study and also the type of irrigation system, pump selection, cultivated area and
irrigation scheduling are effective at saving energy during VSPs employment. In a recent case, reduction in
energy cost should be independently calculated for each irrigation system and be considered in the lifetime costs
of pumping system. Regarding the results of this research and also latest studies, it can be said that the study
design and implementation of variable speed pumps in irrigation projects should be considered in national scale.
Because development of pressurized irrigation schemes that inevitably need to pump, is the country's main
policies for efficient use of water.
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